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ABSTRACT
Introduction. Our aim was to compare the structure and management of conditions mimicking acute cerebrovascular events 
(ACE) defined as stroke or transient ischaemic attack between patients referred directly to a neurological emergency depart-
ment (ED) by non-ambulance physicians, ambulance physicians and paramedics. 
Methods. This is a retrospective study of 802 consecutive patients referred to a Polish urban neurological ED with a prehospital 
suspicion of ACE between January and December 2014. 
Results. After proper neurological assessment, ACE was excluded in 258 (32.2%) patients. The ratios of neurological to non-
-neurological ACE mimics were similar across all groups (35:93 for non-ambulance physicians, 22:39 for ambulance physicians, 
and 28:39 for paramedics). The most frequent conditions mimicking ACE were vertigo (14.0%), headache (9.7%), seizures 
(7.0%),  blood hypertension (7.0%), electrolyte and metabolic disturbances (5.4%), infections (4.7%) and syncope (4.3%). There 
were no major differences between patients with ACE-mimics referred by ambulance physicians and referred by paramedics 
in terms of demographic, previous medical history, extent of diagnostic workup, final diagnosis or further management (neu-
rological admission in 42.6% and 28.4% of cases). However, the characteristics and management of ACE mimics referred by 
non-ambulance physicians were slightly different, including a lower need for hospital admission (neurological admission in 
21.5% of cases).
Conclusions. There seem to be no major differences in the structure, early diagnostic approach or management of ACE 
mimics between referrals from ambulance physicians and ambulance paramedics, which provides reassurance to healthcare 
systems that rely solely on paramedics. Mimics referred by non-ambulance physicians appear different in structure and are less 
resource-consuming.
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Introduction
Contemporary evidence-based acute stroke treatment 
is highly oriented around reperfusion therapies, and it 
aims at constant optimisation of treatment logistics, which 
particularly refers to shortening door-to-needle or door-to-
-groin time [1]. Such an approach exerts additional pressure 
on Emergency Department (ED) personnel and makes 
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room for diagnostic mistakes [1]. Not all patients initially 
suspected of having acute stroke actually suffer from cere-
bral ischaemia [2–5]. Incorrect diagnoses are made mostly 
in the prehospital setting but may also happen in the ED, 
especially if the initially attending physician is not a neu-
rologist or a stroke physician [6]. In addition, clinical signs 
and symptoms combined with computed tomography (CT) 
and basic laboratory tests may sometimes be insufficiently 
conclusive to establish a final diagnosis within the first few 
hours after presenting to the ED. They sometimes require 
prolonged observation or magnetic resonance (MR) of the 
brain, which is not always easily available 24/7 and not al-
ways feasible [1]. Previous studies have shown that stroke 
mimics may account for as much as half of all suspected 
strokes, with a very wide range (2% to 47%) depending on 
the setting and methodology [2, 7–11]. More importantly, 
up to 10% of patients treated with intravenous thrombolysis 
may actually suffer from a condition other than ischaemic 
stroke [2, 12]. Therefore, clinicians should be aware of the 
most common stroke mimics that need to be addressed in 
the acute diagnostic workup at the ED. It also seems reaso-
nable to account for country-specific features of emergency 
healthcare  and patients’ attitude towards acute illnesses. In 
Poland, the great majority of patients suspected of stroke 
within the therapeutic window for thrombolysis or throm-
bectomy are brought to the hospital by the ambulance with 
either a physician or a paramedic onboard. 
The aim of our study was to compare the structure and 
management of conditions misdiagnosed in the prehospital 
setting as acute cerebrovascular events (ACE), defined as 
stroke or transient ischaemic attack, between patients referred 
directly to neurological ED by non-ambulance physicians, 
ambulance physicians and paramedics. 
Material and methods
Our ED provides neurological and stroke care for appro-
ximately 350,000 inhabitants of a highly urban area (the 
southern part of Warsaw and neighbouring Polish towns). 
The hospital’s profile is solely neuropsychiatric, with a neu-
rosurgical ward and interventional neuroradiology. The ED is 
staffed 24 hours a day and 7 days a week with either a senior 
neurologist or a neurologist in training. Patients reporting 
to the ED are referred directly by non-ambulance physicians 
(mostly general practitioners but also outpatient specialists), 
ambulance physicians, ambulance paramedics or by themsel-
ves without any formal referral.
Brain CT, brain MR or CT-angiography are easily ava-
ilable at the ED and, if medically justified, the imaging can 
be performed without the need for subsequent admission to 
the neurological ward.
Study design
We retrospectively reviewed both paper and electronic 
source medical documentation of consecutive patients who 
reported to our neurological ED between 1st January 2014 and 
31st December 2014 to identify all cases with a prehospital 
diagnosis of ACE. Patients who reported without any formal 
referral were not included in the analysis. 
Data were extracted using a predefined form that included 
information about patient gender, age, type of referring entity, 
prehospital diagnosis (stroke or transient ischaemic attack or 
syndrome description highly suggestive of ACE), history of 
stroke, history of seizures, diagnostic workup undertaken at 
the ED (brain imaging, blood test), final diagnosis and the 
decision about admission or further referral.
This paper follows the Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) Statement [13].
Statistical analysis
Categorical variables were presented as a number of valid 
observations and proportions calculated with exclusion of 
unknown values from the denominator. Continuous variables 
due to non-normal distribution (a Shapiro-Wilk test) were 
presented as a median with interquartile range (1st quartile 
to 3rd quartile, Q1–Q3). 
Comparisons between patients referred by non-ambu-
lance physicians, ambulance physicians and paramedics 
were done using chi square test or Kruskal-Wallis test, as 
appropriate. Pairwise differences were additionally tested 
only if the overall test for significance was positive (p < 0.05). 
Such an approach allowed us to reduce the risk of type I error 
without losing power by applying the Bonferroni correction.
P values of < 0.05 were considered statistically signifi-
cant. Calculations were carried out using Dell STATISTICA 
13.0 software package (Dell, Round Rock, TX, USA).  
Results
During the 12-month study period there were 639 admis-
sions for stroke or TIA in total, including 51 patients who 
reported to the ED without any referral and 95 patients with 
a prehospital diagnosis other than ACE. Of 802 patients who 
were referred to our neurological ED with a suspicion of ACE, 
258 (32.2%) had a final diagnosis other than stroke or TIA. 
Approximately half of ACE mimics (n = 130) was referred by 
outpatient physicians and the other half by ambulance phy-
sicians (n = 61) or ambulance paramedics (n = 67) (Fig. 1). 
The ratios of neurological to non-neurological conditions 
mimicking ACE were similar across all three abovementioned 
groups (35:93, 22:39 and 28:39, respectively). 
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Patients incorrectly suspected of ACE were in 66.3% 
of cases eventually diagnosed with a neurological condi-
tion, most frequently vertigo (14.0%), headache (9.7%) and 
seizures (7.0%). Among non-neurological ACE mimics, the 
most frequent were blood hypertension (7.0%), electrolyte 
and metabolic disturbances (5.4%), infections (4.7%) and 
syncope (4.3%) (Tab. 1). The category of other neurological 
ACE mimics included a variety of conditions, mostly trau-
matic head injuries, side effects of neuroleptics or hypnotics, 
exacerbations of dementia or parkinsonism and single nerve 
pathologies. Other non-neurological ACE mimics were pre-
dominantly psychosomatic disturbances and exacerbations 
of chronic pulmonary or cardiac diseases.
There were no major differences between patients 
with ACE-mimics referred by ambulance physicians and 
paramedics in terms of demographics, previous medical 
history, extent of diagnostic workup, final diagnosis and the 
decision about admission to the neurological ward or direct 
referral to non-neurological ED in another hospital (Tab. 2). 
However, ACE mimicking patients referred by non-
ambulance physicians suffered significantly more frequently 
from headache and significantly less frequently from meta-
bolic and electrolyte disturbances than patients referred 
either by paramedics or by ambulance physicians (Fig. 2). 
They also tended to have a less frequent history of seizures, 
less often required blood sample analyses to establish the final 
diagnosis, and less frequently were eventually admitted to the 
neurological ward or referred directly to a non-neurological 
ED in another hospital (Tab. 2). Additionally, compared to 
the ACE-mimics referred by ambulance physicians, they were 
Figure 1. The structure of patients referred directly to neurological ED with a pre-hospital suspicion of ACE according to the type of the 
referring entity
All referrals suspected of acute stroke or TIA (n = 802)
Made by 
ambulance physicians
(n = 276)
Made by 
non-ambulance physicians
(n = 283)
Made by 
ambulance paramedic
(n = 243)
Final diagnosis of an ACE mimic (n = 258)
n = 130 n = 61 n = 67
Table 1. Conditions most frequently mimicking ACE
n Percentage within each group Percentage overall (N = 258)
Neurological mimic (n = 171) 171 100% 66.3%
Vertigo 36 21.1% 14.0%
Headache 25 14.6% 9.7%
Seizures 18 10.5% 7.0%
Brain tumour 17 9.9% 6.6%
Sequels of cerebral infarction 14 8.2% 5.4%
Bell’s palsy 13 7.6% 5.0%
Other neurological conditions 48 28.1% 18.6%
Non-neurological mimic (n = 87) 87 100% 33.7%
Very high blood pressure 18 20.7% 7.0%
Metabolic and electrolyte disturbances 14 16.1% 5.4%
Infections 12 13.8% 4.7%
Syncope 11 12.6% 4.3%
Cardiac condition 6 6.9% 2.3%
Alcohol abuse 5 5.7% 1.9%
Other non-neurological conditions 21 24.1% 8.1%
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more often female, less often had a history of stroke or TIA 
(transient ischaemic attack), and less often required admis-
sion to the neurological ward (Tab. 2). Patients referred by 
non-ambulance physicians were significantly younger and less 
often required brain imaging to exclude ACE than the patients 
referred by paramedics (Tab. 2). In terms of combined direct 
neurological admissions of ACE mimics or their re-referral 
to non-neurological EDs, both ambulance physicians and 
paramedics were superior to non-ambulance physicians (Tab. 
2). However, the proportion of solely neurological admissions 
was significantly higher only among patients with ACE mim-
ics referred by ambulance physicians (Tab. 2).
Discussion
To the best of our knowledge, this is the first study that 
has directly evaluated the structure and management of condi-
tions incorrectly suspected in the prehospital setting of being 
acute stroke or TIA between three major types of referring 
entities in a healthcare system that employs ambulances with 
either onboard physicians or paramedics. In Poland, every 
patient suspected of stroke is immediately transported by 
emergency services to the nearest hospital with a stroke unit 
[1, 14]. Additionally, the Polish healthcare system economi-
cally promotes admissions of patients with TIA. According to 
the American Heart Association, TIA is episodic and transient 
neurological dysfunctions caused by focal brain, spinal cord, 
or retinal ischaemia, without acute infarction but with a high 
short-term risk of subsequent stroke [15]. It is reasonable to 
admit to the hospital patients who present during the first 
72 hours after TIA and have an ABCD2 score ≥ 3. Hospital 
admission is also recommended if a diagnostic evaluation 
cannot be rapidly completed on an outpatient basis [16]. Mo-
reover, in some TIA patients focal symptoms are still present 
at the time of prehospital evaluation or even initial contact 
with the ED. Therefore it is reasonable to approach them in 
the acute phase in a similar manner to patients with suspec-
ted stroke, combining those two groups into suspected ACE 
[6]. As the diagnosis of the ACE is mainly based on clinical 
symptoms, it may sometimes lead to initiation of intravenous 
thrombolysis in a non-stroke patient [1, 2, 12, 17]. For that 
reason, some authors propose MR as the first choice imaging 
modality in hyperacute and acute stages to actually visualise 
the responsible ischaemic lesion [8, 9, 18, 19]. However, MR 
is not always easily available 24/7, is not always feasible, and 
is more costly and time-consuming [1, 17, 20–22]. It may also 
be false negative in lacunar syndromes [23–25]. Therefore, 
guidelines still promote non-contrast CT as a simple tool for 
the exclusion of haemorrhage in otherwise clear cases [1]. In 
our material none of the ACE mimics received thrombolysis. 
Our data shows that patients incorrectly suspected of ACE 
by non-ambulance physicians were in many respects different 
from the quite homogenous group of patients referred by the 
ambulance physicians and ambulance paramedics. Results 
from previous studies addressing the issue of ACE mimics are 
not uniform. The most frequent misdiagnoses have included 
seizures (7–21%), vertigo (2–5%), brain tumours (4–15%), 
metabolic and electrolyte disturbances (4–24%), infections 
(7–16%) and functional disorders (1–8%), which only par-
tially overlap with our results (vertigo followed by metabolic 
and electrolyte disturbances, headache, seizures and brain 
tumours without any functional disorders) [10, 11, 26–31].
Such heterogeneity may reflect system- and patient-relat-
ed differences that limit generalisability and complicate direct 
comparisons between particular studies. In our previous 
analysis of patients with ACE mimics referred by physicians 
in the year 2006/2007, non-ambulance physicians less often 
Figure 2. Most frequent ACE mimics according to the type of the 
referring entity. *, p<0.05 for comparison between non-ambulance 
physicians and ambulance physicians; **, p<0.05 for comparison 
between non-ambulance physicians and ambulance paramedics 
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confused ACE with vertigo (4%) and headache (2%) but more 
often referred patients with metabolic disturbances (8%) and 
cardiac conditions (11%). On the other hand, ambulance 
physicians less often misdiagnosed brain tumours (5%) but 
more often referred metabolic disturbances (15%). This shift 
suggests an overall improvement in the prehospital differential 
diagnosis between ACE and metabolic disturbances. It should 
be noted that at that time almost all ambulances were staffed 
with physicians.
Recent data shows that mimics may account for 2% to 47% 
of suspected strokes and up to 60% of suspected TIAs [2, 7, 9, 
11, 19, 28, 29]. In our cohort, the overall proportion of ACE 
mimics was 32.2%, which is slightly lower than the 36.8% 
observed in our previous study [6].  Interestingly, this positive 
trend was present among ambulance physicians (22.1% now vs 
32.4% previously) but not among non-ambulance physicians 
(45.9% now vs 46.3% previously) [6].   
Prehospital diagnosis of TIA is particularly challenging 
because symptoms are transient and usually resolve by the 
time of proper neurological assessment. There are no la-
boratory tests for TIA so the diagnosis usually depends on 
the patient’s history combined with the experience of the 
neurologist [30]. Metabolic and electrolyte disturbances or 
infections may be mistakenly interpreted as ACE, especially 
in older patients with multiple comorbidities [31]. 
Our study has several limitations. It is a retrospective 
analysis of consecutive cases and relies on standard source 
medical documentation. However, to maximise the chances 
of obtaining relevant information, both electronic and paper 
records were searched. Our findings could be biased towards 
a better performance of prehospital services than in other 
multi-profile hospitals.  Considering ambulance standard 
operating procedures, we may safely assume that the great 
majority of patients from our catchment area suspected of 
Table 2. Characteristics of patients with a final diagnosis of ACE mimic according to type of referring entity
  Non-ambulance 
physicians (n = 130)
Ambulance  
physician (n = 61)
Ambulance  
paramedic (n = 67)
Overall P Pairwise  
differences
General information
Male sex, no. [%] 39 (30.0) 28 (45.9) 29 (43.3) 0.052 *
Age [years], median [IQR] 66 (54–79) 72 (62–79) 73 (61–84) 0.015 **
Known medical history
Previous stroke or TIA, no. [%] 24 (18.5) 22 (36.1) 17 (25.4) 0.030 *
Previous seizures, no. [%] 2 (1.5) 5 (8.2) 5 (7.5) 0.056 *, **
Prehospital diagnosis, no. [%]
Stroke 60 (46.2) 35 (57.4) 39 (58.2) 0.196
TIA 58 (44.6) 24 (39.3) 21 (31.3)
Syndrome description 12 (9.2) 2 (3.3) 7 (10.5)
Diagnostic workup at Neurological ED
Brain imaging, no. [%]
None 64 (49.2) 28 (45.9) 21 (31.3) 0.074
Non-contrast CT 46 (35.4) 25 (41.0) 38 (56.7)
MR (or CT and then MR) 30 (15.4) 8 (13.1) 8 (11.9)
Any brain imaging (vs no imaging), 
no. [%]
66 (50.8) 33 (54.1) 46 (68.7) 0.053 **
Blood sample analysis, no. [%] 45 (34.6) 45 (73.8) 42 (62.7) < 0.001 *, **
Discharge from Neurological ED
Final decision, no. [%]
Admission to neurological ward 28 (21.5) 26 (42.6) 19 (28.4) 0.006 *, **
Referral to another hospital 24 (18.5) 10 (16.4) 21 (31.3)
Referral to outpatient clinic 55 (42.3) 19 (31.2) 14 (20.9)
Referral to general practitioner 22 (16.9) 6 (9.8) 12 (17.9)
Direct neurological admission  
(vs other), no. [%]
28 (21.5) 26 (42.6) 19 (28.4) 0.011 *
Admission or hospital referral  
(vs other), no. [%]
52 (40.0) 36 (59.0) 40 (59.7) 0.008 *, **
*, p < 0.05 for comparison between non-ambulance physicians and ambulance physicians; **, p < 0.05 for comparison between non-ambulance physicians and ambulance paramedics 
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stroke by the prehospital services were actually brought in 
to our ED. However, it is possible that some patients with 
cardiac and other internal medicine conditions may have 
been referred to nearby multi-proflile hospitals with the vague 
label of TIA, especially if the ambulance staff was less certain 
of the diagnosis. For an assessment of external validity, one 
should note that in our cohort the prehospital diagnosis of 
TIA accounted for approximately 52% of ACE mimics and 
only 26% of all ACE referrals. One may also speculate that the 
ambulance dispatchers tend to send out physicians to more 
severe cases, which are more likely to be genuine strokes.  
Conclusion
The structure of both neurological and non-neurological 
ACE mimics depend on the type of referring entity. One 
may assume that the early differential diagnostic approach 
towards ACE-labelled patients delivered to the ED by ambu-
lance physicians or paramedics should be similar. This is of 
major importance considering that they are responsible for 
prehospital identification of candidates for acute stroke reper-
fusion therapies. It also gives reassurance to those healthcare 
systems that rely solely on paramedics. The mimics referred 
by outpatient physicians may require less diagnostic workup 
in the ED, and are probably least likely to require any type of 
hospital admission. 
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